


Plied lQ 
ATE a3 
throug, 
T limi 
OF the 
quart, 


tion js 
microns 
Sizes, 


Of the 


letermi- 
quartz 


ratetuliy 
’ 


‘ork, 


f Chemi- 
IeGravw: 
10. 

n tothe 
olloid 


16, p. 24. 


THE JOURNAL OF 
INDUSTRIAL HYGIENE 





———— 


Vorrme XI OCTOBER, 1929 


NuMBER 8 





——$_— 


INDUSTRIAL WORKSHOPS AND THEIR IMPORTANCE IN 
RELATION TO PLACING THE HANDICAPPED* 


Rurus B. Crain, M.D. 


In Charge of Adult Cardiac Clinic, Rochester General Hospital, Rochester, N. Y.; Member 
of Industrial Workshops Committee, Rochester, N. Y. 


HE problem of the return to 
employment of its physically 
handicapped men and women 
faces every community. Not until 
within the last ten years has there been 
« crystallization of the various forces 
working for the betterment of this 
croup. The World War proved a 


Y) 


mighty stimulus to all departments of 
puysical reconstruction. The urge to 
conserve man power led to constant 
classifying of men with an aim to 
secure the best service they were 
capable of rendering, whether in the 
‘eld or at home. The United States 
as able through the experience of its 
“uropean Allies and its unlimited re- 
~ources to enter upon a program of 
piysical reconstruction never before 
since approached in army or in 


.,. Read at the Annual Meeting of the 
“ago Heart Association, Inc., Feb. 18, 
‘ and printed in the Association Bulletin 
/anuary to April, 1929. Received for 

ieation May 17, 1929, 


civil life. The values of occupational 
therapy and physiotherapy were defi- 
nitely established as modalities which 
went hand in hand in treatment. Vo- 
cational guidance was systematically 
practised during convalescence. 

The term rehabilitation came grad- 
ually into use and may be defined as 
“the rendering of a person disabled fit 
to engage in a remunerative occupa- 
tion.’ The Smith-Sears Bill for re- 
habilitation of disabled soldiers, sail- 
ors, and marines in June, 1918, paved 


the way for the passage of the Iess- 


Kenyon Billin June, 1920, which, while 
giving federal aid, laid the direct re- 
sponsibility of carrying on the rehabili- 
tation work upon the state officials (1). 
The development of workshops was a 
necessary medium for production. 
Practised as it was in the army, occu- 
pational therapy often converted a 
soldier’s tent or room into a miniature 


workshop. Many remarkable things 





te eee 





were devised and made by bed pa- 
tients. 

Bryant (2) in his work on “Con- 
valescence, Historical and Practical” 
stresses the stages gone through by 
every patient after serious illness or 
injury. He says: 


In the earliest stage of recovery, it may 
at first be impossible to interest the patient 
in any other than the simpler or even the 
very simplest and most elementary forms of 
Handcraft occupation,—this because of the 
tendency of all patients, to revert, after 
serious illness, to a childish or even in- 
fantile type of mentality. 

In the second stage of recovery, during 
which the patient is again beginning to take 
some serious interest in life, the lighter oc- 
cupations such as Handcraft work tend to 
become the avocations toward which the 
recovering patient looks for relief from 
The more 
serious work should usually be in the nature 
of Mducational or Shop work which may hold 
some promise of being of lasting value to the 
patient. 

In the third stage of mental recovery, 


more serious occupational work. 


the lighter vocational or curative work 
tends to be almost entirely crowded out of 
the foreground, firstly in proportion to the 
total mentality of the patient, and secondly 
in proportion to the intensity of his desire 
to take up again the full burdens of life. 


The present day conception of the 
sheltered shop is very well described 
by Moses A. Leavitt in his treatise on 
“Handicapped Wage LTarners’” (3). 
Ile classifies such shops into five dis- 
tinct categories: 


1. The therapeutic or curative work- 
shop endeavors, through unskilled routine 
work processes, to physically harden the 
disabled person, or to build up in him work 
habits and a better morale. 

2. The vocational training shop offers 
trade retraining to suitable disabled per- 
sons. 

3. Permanent sheltered employment. is 
provided by some shops for the group con- 
sidered unemployable in regular industry. 
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4. Sheltered shops conceive it as part 
of their function to determine the working 
capacity of a disabled person, for tho | 
pose of making vocational plans. 

5. Sheltered shops have also been ests}, 
lished to provide part-time employment fo; 
women, who, because of dependent children 
and the duties of maintaining a home, have 
only a limited time at their disposal {o, 
remunerative work. 


ur. 


“The usual practice of a sheltered 
shop,” as Leavitt points out, “has beep 
to confine itself to one or two of thes 
specific functions, although there ayy 
workshops which have been organize 
to meet all the needs outlined above.” 


DEVELOPMENT AND 
OF SHOPS 


The Industrial Workshops of Roches- 
ter had their inception as the “Little 
House” established in 1919 and later 
known as the Curative Workshop. 
Both were conducted as activities of 
the Tuberculosis and Health Associa- 
tion of Rochester and Monroe County. 
Occupational therapy only was given 
to patients. This form of treatment 
did very well for those who had jobs 
to return to. A larger group, how- 
ever, could not return to their former 
occupations and required vocations! 
training or careful job placement. 
This difficulty led to the appointment 
in 1924 of a subcommittee to study 
the problem. This committce of 
three, with Dr. Kirby G. Collier 2s 
chairman, gave the subject consider 
able study over a period of two yeuls 
Finally in October, 1926, a reorgal 
ization of the shop was effected. 4 
new division of industrial therapy 
created. This departure was stimtc 
lated in part by the success 0! 2 shop 
in New York City conducted under 
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Ryreau of Rehabilitation. This shop, 
she committee found, had adopted the 
eontract plan in securing work. It 
»aintained a factory atmosphere and 
had definite machinery through the 
siate Bureau for the return of its dis- 
abled men and women to work. 

\We were fortunate in having as a 
»ember of this committee Mr. Leslie 
s Wood, District Director of the 
State Bureau of Rehabilitation, who 
was familiar with the operation of the 
New York shop. 

The new division in Rochester, for 
the sake of convenience, was called 
Shop B, while the division of occupa- 
tional therapy, Shop A, continued to 
function as previously. At present a 
Shop Committee of six, of which Mr. 
Wood is chairman, controls the poli- 
cies of both shops, while a larger com- 
mittee, the Oceupational Therapy 
Committee, acts as an advisory body. 

The present shops are located at 14 
Charlotte Street in a section of the 
city rapidly becoming industrial in 
iaracter. The building, a two-storied 
irame structure, is within easy reach 
ol street car lines and at the same 
time sufficiently removed from main 
thoroughfares to minimize parking 
difficulties. Shop A occupies the sec- 
oud floor and Shop B, the first. There 
s also on the first floor a room which 
‘erves as an office and a gift shop, an 
outlet for Shop A’s products. 

Both shops are under the direct 
“ipervision of Miss Elizabeth KI. Wise, 
‘young woman unusually well fitted 
‘on the difficulties of such a position. 
‘here are two trained occupational 
‘erapists who assist in Shop A and 
ho also take turns in visiting home 
bound patients, and in working with 
rauients at the County Hospital. 


) 
i 
} 
(‘} 


The cases in Shop B are under the 
direction of a foreman who has had a 
long experience in handling men. He 
combines the qualities of an accurate 
worker with the tact and patience 
necessary in dealing with substandard 
men and women. 


SouRcES OF PATIENTS 


The patients come principally from 
the New York State Bureau of Re- 
habilitation, outpatient departments 
of hospitals, social agencies, plant 
medical departments, and private phy- 
sicians. Insurance carriers refer a few 
cases. The diagram shown in Figure I 
best illustrates these sources. 
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Fig. 1.—Proposed plan for returning the 
wage earner to comfortable self-support in 
industry, after sickness and accident. 


The agencies referring patients are 
furnished with a blank for a history 
and physical examination to be filled 
in by a physician. This blank aims to 
cover the points considered by em- 
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ployers who require a physical exam- 
ination of applicants for employment. 
A complete physical examination is a 
fundamental step in the successful 
placement of disabled persons. If this 
cannot be carried out, a Medical Ad- 
visory Committee, a subcommittee of 
the Occupational Therapy Committee, 
stands ready to make such examina- 
tion. 

A policy of the shops is to return 
patients to full time employment in 
industry. Therefore the Shop Com- 
mittee has sought to encourage the 
sending of patients who might, through 
treatment and training, be restored 
to this group. It is hoped that at a 
later date provision will be made for 
permanent part time employment. 

The patients, upon reaching the 
shop, are interviewed by Miss Wise 
and a detailed history is taken. This 
educational and work ex- 
perience. The advice of the exam- 
ining physician regarding work is care- 
fully read and considered. Patients 
are first placed in Shop A for a general 
sizing up of their mental attitude and 
dexterity. The handicrafts are used 
to bring out these qualities. An effort 
is made to impress upon each patient 


covers 


that the shops are not a place for 
money-making but rather for work 
treatment which is to result in their re- 
turn to employment. 

The articles made in Shop A inelude 

toys, book ends, leather 
rugs (woven and_ hooked), 
tables and chairs for children, fireplace 


baskets, 
goods, 


screens, bird baths, ete. Chairs are 
vaned and repaired. Many special 
orders for gifts are received weeks be- 
fore Christmas, which is a season when 
extra help is called in and the staff 


works overtime. The proceeds from 
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the sale of these goods are divided 
among the patients. The amounts 
are never large but may be terme) 
pin money. 

An effort is being made to find go, 
staple article for which there js dp. 
mand and the manufacture of which 
will not require expensive material o; 
machinery. This would be especially 
valuable for the permanent part re 
group when provision for them is possi- 
ble. Home bound and County Hos. 
pital patients are given similar kinds of 
work. The instructor takes the ma- 
terial to the patient and after a few 
lessons leaves him to carry on with only 
occasional check-ups. It is astonish- 
ing how wrapped up these patients be- 
come in their tasks. About two years 
ago, because of an impending limita- 
tion of our budget, it was felt neces- 
sary to discontinue the home bound 
service. So many appealing letters 
from patients affected were received, 
however, that the committee was able 
to secure additional funds for the re- 
sumption of the home visitor service. 

Patients having a position to re- 
turn to and needing mental stimula- 
tion and muscle training are usually 
kept in Shop A until the time of their 
discharge. Those waiting for job 
placement or vocational training, it 
present the largest group, are in a few 
days transferred to Shop B and are 
there given simple repetitive oper 
tions, mostly bench work, allowing 
them to be seated. Such operations 


as the assembling of the parts of a loud 
speaker for a radio, tinning and tal- 
ping telephone switchboard conne™ 
ters are among those operations found 
useful. | 

Shop B has much the appearance 01 
a section of a factory. 


Usually about 
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‘on or twelve men are engaged in work. 
Their hours are gradually increased as 
advised by their physician. The la- 
hor turnover is made as rapidly as is 
eonsistent with proper preparation for 
‘ull time employment. 

The shop’s contracts with factories 
specify production at 10 per cent. less 
‘han the factory is able to do the same 
work for. This is usually an induce- 
ment in securing work. The patients 
are paid a base rate of 15 cents an 
hour for the first two weeks and while 
they are learning new work. Of the 
money received for contract work, the 
patients receive about 60 per cent. 
and the remaining 40 per cent. is used 
‘or overhead expense. Direct labor 
costs are about three times as great 
as indireet labor costs. 

The New York State Bureau of Re- 
habilitation is responsible for the place- 
ment of about 75 per cent. of patients 
ready for employment. The Bureau 
gives its services without charge. The 
remaining 25 per cent. are placed by 
the various social agencies or, as it not 
infrequently happens, find their own 
jobs. The friendly counsel of the 
State Bureau of Rehabilitation is al- 
ways available to the members of this 
group even though it does not actually 
inake the placement. 


Types oF Cases TREATED 


There is a great variety in the con- 
ditions encountered and each offers 
“special problem. The main group- 
Ings are: 

'. Respiratory diseases, including 
fuses of arrested tuberculosis. 

«. Orthopedie conditions. 
». Neuroses and psychoses. 

'. Postoperative cases. 

». Arthritis. 


6. Industrial accidents. 

Cases of epilepsy are not treated, 
nor are other cases which may un- 
favorably affect the morale of the 
shops. 


RESULTS IN PLACEMENT 


For the past two years there has 
been returned to full time work in 
industry, on an average, one patient 
a week. A follow-up about three 
months after placement is made before 
the State Bureau reports its cases as 
rehabilitated. A survey early in Feb- 
ruary, 1929, of the first fifty-six pa- 
tients discharged after the reorgan- 
ization of the shops in October, 1926, 
is of interest. A period averaging 
eighteen months had elapsed since 
these patients were returned to work. 


Known to be working full time...... 37 
Known to be working part time..... 2 
39 


This makes a total of thirty-nine 
patients working, or 69 per cent. of 
the fifty-six treated. With regard to 
the remaining seventeen not reported 
working, the information was as 
follows: 


Undergoing vocational training.... 1 
i io eaesecehane Kinase a 2 
I, 33.4. 6 erkly 5 Mid shce KER SOR MADR Y OM 1 
EAE to DO MOATTIOG... ..06 cock cccewess l 

Chronically ill (two returned to 
SE ic inscas RANE E OA 3 
SIE 8.3 on on 05 49405045 0s ke OO 5 
Unwilling to work.................. 1 
Could not be located............... 3 
17 


Five of the fifty-six patients, through 
their own efforts, had secured better 
jobs than those in which they were 
originally placed by the shops. A 
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1 Home bound patient. 
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comparison of wages where this in- 
formation was available showed in the 
majority of cases but small differences. 

Since October, 1926, thirty-six car- 
diac patients have been treated. The 
following disposition of this group was 
made: 


Returned to full time employment. 9 
Returned to school 9 
Unable to return to full time em- 


ployment because of cardiac 
IS 005 Votetara cheese nce 10 

Nonsusceptible to employment for 
ee TO 5 soo ios Sick i ctedoes 15 
36 


All but three had organic heart dis- 
ease and in the majority of instances 
the functional classification varied be- 
tween II-A and II-B. Three patients 
returned to full time work have since 
died. (See Table 1.) 

As pointed out by Dr. Alfred E. 
Cohn at the recent Annual Meeting of 
the American Heart Association, it is 
difficult to say what kind of work is 
best suited to cardiac patients, for an 
analysis of the jobs offered by many 
concerns is not available. ‘The Indus- 
trial Workshops, we believe, are help- 
ing to build up a work experience 
in this respect. Industrial physicians 
with an interest in heart disease have 
a great opportunity in gathering statis- 
tics for the solution of this problem. 


SHop BupDGET 


The Community Chest, through the 
Tuberculosis and Health Association, 
makes an annual allowance of $6,000. 
This is divided as follows: 


NPE ere Tee eee ere re Te $5, 460 
Re error Tre erie eo 300 
SS" FPPC Teer Tee ee 
: GPR err inere ore 40 


errr Te .. .£6,000 
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This amount has been supple- 
mented for the past two years by 
$800 from the Women’s Educational 
and Industrial Union. Since April 1, 
1928, the State Bureau of Rehabilita- 
tion has paid $1 a day tuition for every 
‘vase it referred where shop treatment 
has proved of value in.the rehabilita- 
tion plan. Insurance carriers are be- 
ginning to utilize the shops and it is 
hoped that tuition fees from this source 
may increase. 

The money received from contracts 
with various industrial establishments 
for work done in Shop B is used for 
payment of one-half the overhead ex- 
pense of the shops. This includes 
rent, light, heat, telephone, and jani- 
tor rom this amount are 
also paid the wages of the foreman in 
Shop B and of the office clerk serving 
both shops. The remainder is used 
for the payment of the workers in 
Shop B for work done, usually on a 
piecework basis. Tor the fiscal year 
ending October 1, 1927, a total of 
$2,280.39 was paid in direct labor to 
clients of Shop B. 


service, 


Cost OF REHABILITATIONS 


lor the period from April 1, 1927, to 
March 31, 1928, the combined shops 
had a budget of $8,695.11. This 
amount furnished service to 263° pa- 
tients divided as follows: 


Shop A 
Shop B 
i pen ceaneuea 50 


County Hospital... ........0.0s05% 20 
263 
Of this number there were fifty- 


seven rehabilitations. The per capita 
cost was £33.06; the cost per rehabili- 
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tation was $152.54. The number ». 
habilitated constituted 21 per cent ,; 
all patients, and 29.5 per cent. oj 192 
shop patients. From July 19, j9j\9 
to March 31, 1928, the shops haye ey. 
pended a total of $55,258.62. giving 
service to 939 patients at a per Capita 
cost of $58.84. During this perio, 
there were 147 rehabilitations. 


SUMMARY 


In conclusion it may be said tha: 
the Industrial Workshops of Roches. 
ter offer to the community: 

1. Through Shop A, occupationa| 
therapy for the creation of a work 
spirit and the retraining of musclp 
function in disabled cases, including 
home bound patients and patients ip 
the County Hospital. 

Through Shop B, industrial ther- 
apy in a factory atmosphere as 4 
further hardening process for indus- 
trial life. The wages paid in this shop 
reduce to a considerable extent. the 
amounts paid by charitable organiza- 
tions for the upkeep of this group. 

2. The combined shops act (a) as a 
laboratory in which may be deter- 
mined the employability of disabled 
persons, thereby relieving industry 0! 
the burden of conducting the same ¢x- 
periment; (6) as a demonstration (0 
industries at large that it is feasible by 
proper placement to continue williin 
their own ranks many employees ¢0n- 
sidered disabled and nonproductive. 

3. Vocational guidance and training 
through the medium of the State bu 
reau of Rehabilitation. 





FurTHER NEEDS 


Thus far the shops have kept wit! 
their allotted budget. This has be 
accomplished only by rigid econo! 
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and in some instances by the curtail- As previously stated, there is no 
ment of necessary activities. There provision for permanent part time 
‘; q need for immediate expansion if work. It is hoped that in the near 
‘he community is to be given the serv- future another division of the shop 
ee it requires. may be established for this purpose. 


BIBLIOGRAPHY 


i. Voeational Rehabilitation in the eal and Practical. New York, The 
United States. Federal Board for Sturgis Fund of the Burke Founda- 
Vocational Edue., Bull. No. 120, tion, 1927, p. 168. 

Civilian Vocational Rehabilitation 3. Leavirr, M. A.: Handicapped Wage 
Series No. 18, June, 1927. Earners. New York, The Jewish 
9, Bryant, J.: Convalescence, Histori- Social Service Assn., Ine., 1928, p. 50. 





RESPIRATORY DISEASES IN A PORTLAND CEMENT PLANT* 


L. R. THompson, M.D. 
Surgeon, United States Public Health Service 


AND 


Dean K. BrunpDAGE, A.B. 


Assistant Statistician, United States Public Health Service 


HI frequency or incidence rate 

of disabling sickness for any 

group of persons is affected by a 
variety of factors, the more important 
of which have to be measured and 
evaluated before exact conclusions are 
possible concerning the effect of occu- 
pation. Such factors as age, racial 
stock, marital status, general phys- 
ical condition, individual susceptibility 
to certain kinds of disease, ete., need 
to be appraised, and the sickness rates 
recomputed to show what they would 
be without the influence of these non- 
occupational factors. In this way 
only can one obtain a clearly defined 
picture of the effect on health of the 
work or the working environment. 


Factors OF DIFFERENT IMPORTANCE 


The age factor, which is so impor- 
tant in the sickness severity rate based 
on the duration of incapacitation, was 
found to be a relatively unimportant 
influence in determining the frequency 


* This is the second article on the results 
of a study of exposure to calcium dusts pre- 
sented in greater detail in United States 
Public Health Bulletin No. 176, ‘The 
Health of Workers in Dusty Trades. I. 
Health of Workers in a Portland Cement 
Plant.’’ The first paper appeared in Tus 
JOURNAL, 1929, 1/7, 182. 

Received for publication June 24, 1929, 
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of respiratory disability among em- 
ployees of a cement company. The 
workers over 45 years of age were 
imcapacitated by respiratory illness for 
two consecutive working days or longer 
at a rate which was only 11 per cent. 
higher than that among the men under 
25 years of age, while those in the 
middle age group (25 to 44) had 
respiratory disability less often, to the 
extent of 9 per cent., than did those at 
ages 15 to 24. 

Native Americans and foreign-born 
Italians constituted nearly 80 per cent. 
of the cement works’ personne! (in 
terms of years of life under observa- 
tion). Inasmuch as the respiratory 
incidence rate was virtually the same 
for each of these two race stocks, the 
factor of racial susceptibility to respira- 
tory disease could be disregarded in 
the present study. The rate was 
much the same for the single as for the 
married men on the payroll of the com- 
pany. The physical status of the 
individual as appraised by the examin- 
ing physicians was found to be of more 
importance than age in the occurrence 
of respiratory disability. The group 
composed of persons who were absen! 
once or oftener for two consecutive 
working days or longer on account 0! 
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jeoholie indulgence experienced 19 
per cent. more respiratory disability 
‘yan did other employees of the 
company. 

Rut none of these factors affected 
‘he respiratory incidence rate as much 
,s one which was reflected in the mere 
‘set as to whether an employee quit or 
jid not quit over a certain period of 
‘me. The rate among the men who 
loft during the three years of the study 
exceeded by 68 per cent. the respira- 
‘ory rate among those who did not 


leave. 


hactor OF SELECTION RESULTING 
rrom REACTION TO WORKING 
ISNVIRONMENT 


This unexpected result might have 
heen due, it was first thought, to a 
larger proportion of persons in poor 
physical status among those who quit. 
Therefore the years of life under obser- 
vation were distributed according to 
the physical rating of the workers. 
but the percentage in each physical 
status was very nearly the same in 
either group. The general physical 
condition of the men appeared to be no 
iifferent among those who quit than 
among those who stayed. 

What, then, accounted for the wide 
‘jilerence in the respiratory sickness 
experience of these two groups of 
cement workers? The analysis was 
pursued in greater detail in the hope 
‘hat it would throw light on this inter- 
sting question. The two groups of 

oyees were first subdivided ac- 
“ording to the duration of their em- 


“Oyinent in the Portland cement 
f dy ~ "Pr ¢ , 
“custty, and the respiratory — fre- 


oe ticy rates were computed for these 


eroups. The results are given in 
Land Figure 1. 


i] 
emp! 
T 


‘) > 
pie? 


The respiratory rates by length of 
service among those who stayed are 
illuminating. In this group the fre- 
quency of respiratory disability was 
remarkably low among those in the 
industry less than two years and from 
two to four years. The rate was even 
lower among those who had spent from 
four to eight years in cement making, 
but after about the eighth year in 
the industry, respiratory disability 
occurred much oftener, mounting from 
a rate of 235 cases per year per 1,000 
men who had had four to eight years’ 
employment in the industry to a rate 
of 605 cases annually per 1,000 men 
with more than eight years’ service.! 

Among those who left during the 
period of observation, the highest 
respiratory disability rates occurred in 
the groups with less than two years 
and with two to four years of service. 
After the fourth year respiratory dis- 
abilities tended to decrease in  fre- 
quency among the men who quit, 
though the rate remained high until 
the data became too meager for further 
observation. It is apparent from the 
graph (lig. 1) that among emplovees 
of less than eight years’ service the 
respiratory rate was about twice as 
high in the group which quit during the 
study as in the group which did not 
quit. Yet, as stated above, the gen- 
eral physical condition of the men in 
the two groups was rated practically 
the same by our own examining physi- 
cians. Could the difference be due to 
a greater susceptibility to respiratory 


1 This rapidly mounting curve was based 
on a rather small exposure, but further 
analysis of the data indicated that the high 
respiratory rate among the men with the 
longer service probably was not due merely 
to chance. (See discussion of this point in 
Public Health Bulletin No. 176, pp. 73-74.) 








268 


THE JOURNAL OF INDUSTRIAL HYGIENE 


annually per person (year of life)? con. 
pared with only 0.591 respiratory Sj 
attacks per person per year ip the 
group which did not quit during the 


disease in the one group than in the 
other—a difference which would not 
be revealed ordinarily in a general 
physical examination? 


TABLE 1.—RESPIRATORY INCIDENCE RATES ACCORDING TO LENG TH op 
SERVICE IN THE CEMENT INDUSTRY AMONG THOSE WHO 
QUIT AS COMPARED WITH THOSE WHO DID NOT QUIT 




















DU RING THE PERIOD OF THE STUDY! 
ANNUAL NO. OF yee ae 
xD . or NO. OF RESPIRA- NO. OF YRS. 0; 
RESPIRATORY ; LIFE UNDER 
pbhgres TORY CASES i 
CASES PER 1,000 amone OBSERVATION 
i Sa . aa an . * A — , 
LENGTH OF SERVICE IN CEMENT Pen eae AMONG 
INDUSTRY mn am a 
Those | hose Those Those Those |,,,L hose 
1. |Who Did 7: Who Did a «6lWhe 2; 
Who ; Who : Who ) 
Quit? NOt Quit? aot Quit? | Not 
Quit? Quit? | Quit? 
All le iniatiie ee Pere ren 563 336 171 154 304 | = 459 
nee than 6 ViPS... .. 5. cecccsis 571 276 148 104 259 | 377 
8 yrs. or longer................ 455 605 15 49 33 «| 8] 
| 
ee SS a re 576 282 87 48 151 | 170 
a 2 fe ne rer ee 583 303 30 33 60 | 109 
te Ws ccs ckcs cb eeeke 542 235 26 23 48 Qs 
S yrs. or longer 455 605 15 49 33 SI 
0 ene ee S 1 12 | 


























Only those cases were included which onused ‘ebeenee tor two consecutive working 
days or longer. 
* During the period of the study, Feb. 6, 1922, to Feb. 1, 1925. 


An answer to this question was. study. This difference in the number 
afforded by the data at hand. The of respiratory attacks per person was 


men who experienced no respiratory 
sickness which caused inability to 
work for two consecutive days or 
longer while they were on the payroll of 
the company during the period of the 
study were left out of consideration, 
and the frequency of respiratory at- 
tacks was ascertained for those who 
were disabled for more than one day 
by this type of illness during the three 
years of the investigation. Among the 
men who had been in the industry less 
than eight years, the group which quit 


averaged 1.203 respiratory attacks 


found to account for the greater fre- 
quency of respiratory sickness in the 
group which quit. In other words, 
the larger number of respiratory cases 


2 Inasmuch as some men were on the pay- 
roll continuously during the three years, 
while others were employed for varyimé 
portions of this period, the unit taken W% 
not the number of different men, but '! 
number of years of life under obse rv: ation, 
obtained by summing the number of ¢®) 
during which each employee was 2, 
payroll within the period Feb. 6, 1922, ™ 
Feb. 1, 1925, and dividing the total num! it 
of days by 365 to obtain the equivale "i 


number of persons under study for one 
year. 
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RESPIRATORY DISEASE 


person experiencing this type of 
jIness accounted for all or nearly all 
she excess in the respiratory incidence 
rate of the group which left the indus- 


ner 
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The comparative absence of respira- 
tory susceptibility among those who 
tended to remain in the industry is 
indicative of a process of self-selection 
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* During the period of the study (Feb. 6, 1922 to ren. 1, 1925 











lig. 1.—Respiratory incidence rates according to length of service in the cement. in- 


try as compared with the group 
which stayed. 


‘Computation showed that all the excess 
was accounted for, but some error may arise 
irom the faet that persons under observa- 
tion only a few months and having one case 
fach would show a higher annual rate of 
espiratory cases per person disabled than 
men having one case each but who were 
der observation for two to three years. 
a check on the results, the frequency of 


. 


4 


re 


‘piratory attacks per person experiencing 
“i iiness was ascertained only for per- 
“ns carried in the morbidity record one full 
“ar in the group having less than two 
4s" service and for those under observa- 
~ Hor two to three years among persons 
sists dad been in the industry for two to eight 
Uhis sort of rate for those who quit 
pared with the same sort of rate 


Yas (¢ 


dustry among those who quit as compared with those who did not quit during 
the period of the study (Feb. 6, 1922, to Feb. 1, 


1925). 


of workers on the basis of physical 
suitability for the work and the work- 
ing environment. ‘Those who tended 
to stay on were, apparently, better 
adapted physically for the conditions 
of work than those who shifted to some 


among those who stayed in the industry 
during the period of the study, and, on this 
basis, it appears that about 74 per cent. of 
the excess disability in the group which quit 
was due to the factor of susceptibility. 
This result, however, appears to be an 
understatement, inasmuch as persons who 
remained under observation for as along as 
one to three years in the specified length of 
service groups would tend to be selected 
individuals with regard to their ability to 
tolerate dust. 
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other industry. It appears, also, that It will be observed in Table 1 tha 





the group which quit did not have a_ the respiratory rates were more nearly y 
larger proportion of physical weak- of the same magnitude in the “oy z 
j . Ire ‘ itr _ ely 1+? ‘ | 
lings, but merely a relatively larger as in the “did not quit’ group for P 
TABLE 2. a 


NUMBER AND PER CENT. OF TOTAL YEARS OF LIFE UNDER op. 
SERVATION AMONG MEN WHO EXPERIENCED ONE OR MORE THAN ONE 
RESPIRATORY DISABILITY! DURING THE PERIOD OF THE STUDY. 

AND THE FREQUENCY OF CASES! AMONG THOSE THUS DISABLED, — 
BY LENGTH OF SERVICE IN THE CEMENT INDUSTRY, FOR 
EMPLOYEES WHO QUIT AS COMPARED WITH THOSE WHO 
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aS - 63 art: 
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= 28 en| OM2 Sea | oak 
2 SESS! pm «, aa | oe 
= BOR & © 22 = Sa | aan 
WH | _ a < | 
an - a pe = | — 
Less than 8 yrs.: | 
Those who quit............. 259 123 48 148 1,203 | 
Those who did not quit 377, | 176 47 104 591 | 
| 
| | 
Those who quit: | | 
Less than 2 yrs.............. | 151 | 59 39 87 1,475 | 100 
ee, | 60 | 35 58 35 1,000 | 68 
Lk, See rer eee | 48 29 60 26 897 | 61 
ry ° ° | | 
Those who did not quit: | | 
Less than 2 yrs.............. | 170 | 67 | 39 48 716 100 
ot freer re | 109 | 61 | 56 33 541 76 
4 to 8 yrs. eee a ae 49 23 | 479 67 
POG RET ecicicicearst SE § FF | 29 784 109 
, — +) 
More than 12 yrs. x 26 | 23 SY 20 | S40 122 


1 Causing absence for two consecutive worki lavs or] ' 
ausing absence for two consecutive working days or longer. 


number of persons who were more 
susceptible to the specific diseases to 
which the given working conditions 
might predispose or which they might 
aggravate. It is more than probable 
that such a process of selection of 
workers as is suggested by the data 
occurs also in industries other than 
cement making. 


‘ 
c 








those with eight or more years’ service. 
This is quite in accordance with what 
would be expected, since persons who 
kept on working in cement dust [or 
eight or more years would naturally 
constitute a selected group from the 
standpoint of dust tolerance. lor 


; 
{) 


this reason it appears that the elle 
the dust is best measured by compu 
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.« the respiratory rate for all men in 


per 100 or per 1,000 persons as the 
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(lllers having less than eight years’ one or more than one respiratory dis- 
evien ‘“tyice, “Phe dividing line was placed ability the longer they stayed in the 
lia ‘the cighth year because at or about industry, but the persons who suffered 
vhat ) , ee 
who * point the frequency of respiratory such disabilities experienced more fre- 

t for ““bill’y began to inerease perceptibly quent attacks of them. That this 

rally ““ong those who stayed in the indus- tendeney was not simply a reflection of 

) the ‘The men who had worked in the age of the individuals who had 
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age as for those above this age. It is 
difficult to escape the conclusion that 
exposure to large quantities of calcium 
dust, especially amounts ranging from 
50 to 100 million particles per cubic 
foot of air, tends to predispose men to 
certain diseases of the respiratory sys- 
tem after seven or eight years of work 
in such an environment. The respira- 
tory diseases which caused disability 
most frequently among persons of 
longer service in the industry were 
of the nasal mucosa and 
bronchi, and a predisposition to influ- 
indicated. Long- 
exposure to the calcium 
appeared not to predispose 
to pneumonia or to pulmonary tu- 
berculosis. 

In both the relatively susceptible 
and the relatively immune groups, 
decreases occurred in the number of 
respiratory attacks per person after 
about two years’ employment in the 
industry and up to about the sixth or 
the year of service. The 
respiratory incidence rates also tended 
to decline during these periods of 
service as is shown in Table 1 and 
indicated in the last 
column of Table 2, the frequency of 
respiratory attacks per person disabled 
declined somewhat more sharply in the 
group which quit so as to suggest that 


infeetions 
enza or grip was 
continued 
dusts 


seventh 


Figure 1. <As 


the persons most susceptible to respira- 
tory disease tended to relinquish their 
jobs within two years, leaving a group 
which was not quite so much affected 
by the dust. 


Process OF ACCOMMODATION 


A certain physical ability to become 
temporarily adjusted to environment 
is indicated by the decrease in the 
respiratory frequency rate from about 
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the second to the sixth or seventh y.,, 
of service, and particularly in the 
number of respiratory attacks Dep 
person experiencing respiratory (jx. 
ability. In the more permanent groy. 
of workers this decrease could not hay; 
been due to a weeding out of the gy. 
ceptibles, since no one in this groy) 
left the industry during the period , 


observation. 


{\! 


ReEsprrRATORY DISABILITY Accorpyy: 
To NATURE OF WorKING 
IEENVIRONMENT 


Although cement dust permeate; 
virtually all departments of the mil) 
there were other dusts and_ other 
factors in the working environment. 
the reaction to which in terms of dis. 
abling sickness could be observed with 
reference to the selective process (- 
scribed above. 

In the initial stages of manufactur 
ing the principal dust came from line- 
stone, which was found to 
about 6.5 per cent. of free silica in the 
form of quartz as compared with | per 
cent. in the finished product, cement. 
Other dusts to which, however, only 3 
few persons were exposed are gypsilll 
and bituminous coal dusts. In the 
open quarry, work is usually carrie 
on without regard to the state of the 
weather. In the kiln room very hig 
temperatures are encountered. hur 
ployees of the mechanical departme! 
may be shifted from one part of 
plant to another to carry on reps! 
work under widely different conditio™ 
of heat, cold, dust, or dampness. ! 0" 
the purpose of studying the reaction" 
terms of respiratory disability to °°” 
of these conditions, employees vie 
classified according to the nature 0!" 
conditions under which they wo!" 


contain 
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1th yey MME pyen though the number of persons in 
in th | syeral of the groups was very small. 
KS poy employees of the office, storeroom, 
ry dis. iporatory, power and electrical de- 
It group partments, and yard workers other 
10t have -han laborers were regarded as being 
the su. HR exposed to comparatively little dust. 
S grou) rhe yard laborers were placed in a 
eriod of Je separate category on account of the 


nature of their work and because their 
occupation constituted the vestibule to 


YORDING ‘he plant, the new employees usually 
a. being given a probationary period in 
‘his work. The sickness rate for such 
rmeated , group would, therefore, probably 
he mill, reflect the reaction to work that is of 
L other a rather heavy nature, as well as the 
onment, MB noor physical condition frequently 
3 of dis. found among casual workers in the 
red with least skilled and therefore least remu- 
cess (le- nerative jobs. For these reasons the 
yard laborers were not included in the 
ufactur- croup exposed to relatively little dust, 
ym. lime: although the dust concentration in the 
contain yard was comparatively light except 
a in the on windy days. 
th 1 per imployees exposed to heavier dust 


cement, concentrations were grouped as follows: 


f only a 





gy psu Exposed principally to cement dust: 
| h re All finishing and bag room workers. 
as All employees of packing department. 
carried Exposed principally to limestone dust: 
e of the All employees in crusher houses, stone 
apy high house, and raw mill. 
1 Fn Exposed to gypsum dust: 
staal Gypsum shovelers and scale men (fin- 
ge ishing department). 
t ol tle Exposed to bituminous coal dust: 
n repall All employees in coal house. 
nditions 
ss, For Uther types of exposure in which com- 
vetion In paratively little dust was involved 
to each were as follows: 
ag wel 2 
— Sud len changes in nature of working con- 
asiagtor nian incident to emergency and general 
WOrkt “palr work: 





All employees of mechanical depart- 
ment. 
High temperatures: 
All kiln room workers except flue gas 
samplers. 
Outdoor work in all kinds of weather: 
All unsheltered employees of quarry. 


Table 3 shows that the respiratory 
rates of the employees in the dustier 
departments of the plant and of those 
exposed to the other working condi- 
tions mentioned were all considerably 
higher than the rate among the men 
working in comparatively little dust. 
The small number of persons, however, 
in at least three of the groups—i.e., 
those exposed to gypsum, bituminous 
coal dust, and the heat of the kilns— 
renders impossible any definite conclu- 
sions concerning the effect of these con- 
ditions on the health of those exposed to 
them. Considering the larger groups, 
one finds that the dustier working 
places, outdoor work in all kinds of 
weather, and exposure to sudden 
changes in working conditions were 
associated with much higher respira- 
tory disability rates than were shown 
for the group relatively unexposed to 
any of these conditions. 

The respiratory rates according to 
nature of the exposure indicated wide 
differences in the sickness experience 
of relatively unselected workers as 
compared with the seasoned or selected 
group. The differences are most easily 
seen by referring to the last column in 
Table 3. Omitting from consideration 
the smallest groups—7.e., those exposed 
to gypsum, bituminous coal dust, and 
kiln room heat—one finds that the 
greatest differences in the frequency of 
respiratory disability among those who 
quit as compared with those who 
stayed occurred in yard labor, pack- 
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ing, the mechanical department, and 
quarry labor. In general, in these 
departments the heavier work of a 
cement mill is performed; the results 
therefore probably represent the reac- 
tion to heavy work as well as to dusti- 
ness and the other conditions men- 
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tioned. In these four departmer;, 


especially, the need is manifested for | 
selecting and placing workers With 
more regard to their susceptibility to : 
the effects of dust or other conditions 

involved. The employee apparently | 
attempts to find work and working ; 


TABLE 3.—FREQUENCY OF DISABILITY! FROM RESPIRATORY DISEASE. \c¢. 
CORDING TO NATURE OF EXPOSURE IN A CEMENT 


MANUFACTURING ESTABLISHMENT 
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All employees of cement com- | | | | 
i. ake een ie Keke Raid — 763 | 325 | 426 160 563 | 336 | 168 
| | | 
| | | | 
Comparatively little dust*.....| 116 dl | 267 100 3861 | 225 | 160 
Heavier concentrations of dust .| 323 | 140 | 433 162 514 |} 373 | 138 
4 me « ) y , ‘ ) Lap J 
e. Cement dust........<ee.5. | 73 | §38 | 480 180 619 | 348 | 178 
1° . . | ~ - eed »NO 902 | 4 4 
1. Finishingandbag depts..| 104 | 52 | 500 187 638 386 165 
2. Packing dept............ | 69 | 31 | 449 168 595 | 281 | 212 
b. Limestone dust®...........| 106 | 36 | 340 127. | 237) 391 61 
ce. Gypsum dust®............, 22 | 11 | 500 187 500 | 500) = 100 
. . - | oc ~ } = Coded © ) ‘ 

d. Bituminous coal dust?....| 22 | 10 454 | 170 750 308 | 244 
COUBITY TAGE... cece eee cane 95 | 53 | 558 | 209 813 | 429 | 190 
Yard labor®.................... 107 | 47 | 439 164 633 | 191 | 331 
‘ ° | | 
Sudden changes (mechanical | | | 

Serer so | 38 | 427 160 682 | 343) = 199 

> 4 "je , ~ ‘ - lod > 
Heat in kiln room!?®............. 33 | 16 | 485 182 500 | 471 | 106 














1 Causing absence for two consecutive working days or longer. 


2 Rate among men exposed to relatively little dust = 100. 
§ During the period of the study, Feb. 6, 1922, to Feb. 1, 1925. 


‘Employees of the office, storeroom, laboratory, power and electrical departmen', 


and yard(except yard laborers). 
6 Employees of the crusher house,stone house, and raw mill. 
© (;ypsum shovelers and scale men (finishing department). 
7 Coal house workers and flue gas samplers. 


§ Exclusive of quarry workers who are sheltered from the weather. 


® Yard laborers only. 
10 All kiln room workers except flue gas samplers. 
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sonditions for which he is physically fashion, and it affords the hope of 
vell adapted, but he does it by the development into an effective means 
«asteful trial and error method. The of preventing industrial morbidity. 
‘aetory employment department might The possibility that the spirometer 
prevent needless labor turnover by de- might be of some use in selecting 
veloping phy ‘sical examinations which workers for certain working conditions 
vol indicate the extent of tolerance was mentioned in the first paper. 


r\ BLE 4—-FREQUENCY OF DISABILITY FROM RESPIRATORY DISEASES (AD- 


JUSTED FOR PHYSICAL STATUS) AMONG THOSE WHO DID NOT QUIT DUR- 
ING THE STU DY, BY N ATURE OF EXPOSU RE IN AC Is MENT PL ANT 











ANN e, 4 N . 
NO. OF PERCENT. OF , | anno atte 
4 os , A- 
yRS.oF | NO.OF | TOTAL YRs.. | {OSU >tER! 
LIFE RESPIRA OF LIFE IN shenege gD sphere 
_— , slow ~ 1 4 4 4 Aa” 4 a 4 i . 
‘MPLOYEE G 1PS' EXPOSED TO PER 1,000 MEN 
EMPLOYEE GROUPS’ UNDER TORY PHYSICAL tl, 1 _— 
eer, Rees aa ee Ree (ADJUSTED 
OBSERVA-| CASES RATINGS on Guewienas 
TION 3 AND 4 —e 
STATUS)' 
| employees of cement company.... 459 154 17 302 
Comparatively little dust............. 80 18 10 234 
Heavier concentrations of dust....... 185 69 16 376 
i I I tet Setar ohn i'd KM &9 31 12 356 
1. Finishing and bag depts....... 57 22 14 390 
a” | a ee 32 i) 8 294 
BD; LAOOEOWS GME og cnc cc vvensnes 69 27 17 386 
Se SE ccbaas ake w ae s-cnnes 14 7 18 512 
d. Bituminous coal dust............ 13 4 36 304 
I Cc csec ex esan andar ndacweus 63 27 8 437 
RIE, cute ex eaeaak Sas bocce ee eS 47 i) 31 178 
sudden changes (mechanical dept.) . . 67 23 21 335 
HORE Oh KEI POOME,..ccacvaccecuccesces 17 8 42 446 




















| ab] eC 5. 

* Causing absence for two consecutive working days or longer. 

The adjusted rates show what the frequency of respiratory diseases would be if the 
istribution of the staying workers according to physical condition were the same in each 
‘xposure group as among all employees of the plant as a whole. In this way is eliminated 
the effect of an unequal distribution in the different kinds of working environment of per- 


‘048 In poor physical condition. 


t es . ° ° ° : 
» dillerent kinds of exposure to which Of particular interest are the sick- 
‘pplicants for work might be subjected ness rates according to type of expo- 
) the course of duty, and by placing sure of those who stayed in the indus- 


’ 
Lie ry) ow 


with regard to the information try, because such rates appear to reflect 


hy) 


‘us obtained concerning their phys- the effect of work and working condi- 
“al idiosyncrasies. Such a procedure tions on the health of a favorably 
uid aid the worker in what he _— selected group. Not even those who 
to do anyway in rather blind did not quit in the several exposure 


4° Te) rite 
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| 
| 
| 
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groups, however, are strictly compar- 
able from a physical standpoint be- 
‘ause the intensity of the selective 
process must depend to a considerable 
extent on the requirements of the 
different occupations. For example, 
few men in poor physical condition 
could carry on indefinitely in cement 
packing, although they might be able 
to work for a long time in the less 
arduous occupations of the coal house 
or kiln room. It appeared necessary, 
therefore, to ascertain what proportion 
of the population, in terms of the 
years of life under observation, in each 
type of working environment were in 
poor physical condition or were re- 
garded as being so by the examining 
physician when he rated men in class 
3 or 4. Among those who did not 
quit, the groups which showed the 
smallest proportion in poor physical 
condition were the men in the packing 
department and those in the quarry, 
only 8 per cent. of the years of life in 
each of these departments falling in 
On the other hand, 42 
per cent. of those who did not quit in 


class 3 or 4. 


the kiln room and 36 per cent. in the 
coal house were given low physical rat- 
In order to eliminate the effect 
of these wide differences in physical 
status, the respiratory incidence rates 


Ings. 


were recomputed in Table 4 to show 
what the rate for each group would be 
if the distribution according to phys- 
ical condition of the staying workers 
were the same under each type of 
working environment as among. all 
employees of the plant as a whole. 
With the rates thus adjusted, the 
effect on the respiratory system of each 
of these several different kinds of ex- 
posure in the plant is seen more clearly. 
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The largest number of disahjjjs,. 
from respiratory diseases according : 
the adjusted rates occurred am 
those exposed to gypsum dust any to 
the heat of the kilns; but, as wags pre 
viously pointed out, these groups wo 
not large enough to afford significa); 
sickness rates. The adjusted respin 
tory rates for the larger groups showy 
in Table 4 indicated that the relatiys 
importance of the several differe 
types of exposure was as follows: 


Ono 
100 


1. Exposure to all sorts of weather (y 
continued during storms, etce.), 

2. Exposure to heavy concentrations 
limestone dust. 

3. Exposure to heavy concentrations 
cement dust. 

4. Exposure to sudden changes in work- 
ing conditions. 


The lowest adjusted 
rates among the “selected” worker 
were for the yard laborers and ' 
group exposed to relatively little dus 
The yard laborers generally work ow 
of doors, but ordinarily do not keep 
their jobs in the open during stor 
and the severest weather as do 1 
quarry workers. The 
low adjusted respiratory rate of 
cases a year per 1,000 ‘“‘selected™ yar 
laborers indicates the healthfulness 0’ 
fairly heavy work out of doors amons 
persons well adapted physically 
this type of labor. The next to! 
lowest adjusted respiratory rate |- 
cases a year per 1,000 men) occu! 
among the group relatively unexpo> 
to any untoward working conditl! 
namely, employees of the office, *' 
power and 


respiratory 


exceptionally 


lis 








f ; 


laboratory, 
trical departments. 


room, 








RESPIRATORY DISEASE 


Isabilities SUMMARY 
ording | The more important factors affect- 
' among FR... she frequency of disabling attacks 
‘tandty MR ; .cniratory disease among employees 
WAS pr 44 cement company were measured 
“~— wer and evaluated before conclusions were 
gNifican: pen concerning the effect of working 
| resp sonditions. None of the factors meas- 
DS shown ayod affected the respiratory incidence 
| relative rate as much as one which was reflected 
differen: » the contrast between the respiratory 
WS: rite among those who quit and the 
rate among those who did not quit 
her (wor juring the three years of the study. A 
: rather detailed analysis revealed indi- 
ations cations of a process of self-elimination 
from the industry of those who were 
™ more susceptible to respiratory illness 
| and who were affected deleteriously by 
“" the dust. 
The effect on the respiratory system 
nirat 
worl 
nd 
le du 
ork | 
ker 
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of exposure to different kinds of work- 
ing conditions was observed by means 
of respiratory disability rates adjusted 
for differences in the physical condi- 
tion of persons employed in each type 
of environment among men_ who 
tended to remain in the industry. 
Persons obliged to continue work in the 
open during all kinds of weather 
showed the highest disability rate from 
respiratory illness, and were followed 
by the group exposed to the heavier 
concentrations of dust. Men exposed 
to limestone dust experienced slightly 
more respiratory disability than those 
working in cement dust. The respira- 
tory rate also was high in the 
emergency and general repair crews 
which were often subjected to very 
sudden changes in the nature of their 


working environment. 





CALIBRATION OF THE KATA-THERMOMETER OVER A Wipp 
RANGE OF AIR CONDITIONS* 


C,. P. YAGLou AND Kroum DOKOoFF 


Department of Ventilation and Illumination, 
Harvard School of Public Health, Boston, Mass. 





HE cooling laws of the kata- 

thermometer have been studied 

by many workers, but the range 
and combinations of the air conditions 
covered were limited. On account of 
these limitations, the kata formulas do 
not quite agree and are not accurate 
enough for general ventilation work. 

To our knowledge, the kata has not 
heretofore been calibrated for tem- 
peratures over 100°F., it being gener- 
ally assumed that the formulas apply- 
ing in temperatures below 95°F.— 
i.e., When the kata cools from 100° 
to 95°I'.—would hold also for tem- 
peratures exceeding 100°I*.—7.e., when 
the kata warms from 95° to 100°F. 
The present work was carried out 

for the purpose of calibrating the in- 
strument over a wide range of accu- 
rately controlled air conditions, so that 
it could be used satisfactorily for high 
or low temperatures and humidities, 
and for any air velocity between 0 and 
650 feet per minute. 


METHODS 


The observations were made in the 
psychrometrie chamber of the Harvard 


School of Public Health (1). Work 


* Received for publication Aug. 26, 1929. 
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was begun in November, 1927, an) 
continued until June, 1929, so tha 
the usual variations in  baromety; 
pressure which occur in our lima 
might be taken into account. 


Kata Factors 





Two dry kata-thermometers had to 
be used because one of them broke jn 
the first part of the study. The fac- 
tors of these instruments were 403 
and 452, respectively. The factor oi 
the single wet kata used was 452. 
All three factors were checked by a 
method similar to that used by the 
maker (2, p. 17). For air tempers- 
tures between 63° and 71°F., the differ- 
ence between the maker’s factors for 
the three instruments and those found 
by us was not significant. 








Production and Measurement of At’ 
Velocity 


For velocities between 0 and 10 
feet per minute we used the whirling 
arm method. The kata was attached 
to one end of a thin metal arm +; 
inches from the center line of a rotating 
vertical pillar, and the thermometer ¢ 
the other end at an equal radius. | h 
speed was controlled by varying ™ 
resistance in series with the mot! 
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amature. Approximate corrections 
+» the “swirl’ were secured by a 
jethod similar to that used by Har- 
wood-Ash and Hill (2, p. 22). They 
averaged about 8 per cent. of the ap- 
parent velocity. The air velocities 
soyered by the whirling arm method 
were fixed at 20, 40, 75, and 100 feet 
per minute. 

Velocities of 220, 440, and 660 feet 
per minute were produced by means 
ofa variable speed multivane blower, 
and measured with a 4-inch Tycos 
anemometer. The anemometer was 
elibrated against a miniature double 
pitot tube which had, instead of the 
usual static tube, an aspirating tube 
‘acing downstream. The pressure dif- 
ference between the two tubes was 75 
per cent. greater than that of a stand- 
ard pitot-statie tube. These pres- 
sures were measured by means of a 
Wahlen gauge (8), which in our work 
was sensitive to pressures of about 
0.0002 inch of water. 

The blower was arranged to produce 
horizontal air currents across the room, 
at a level of about 35 feet from the 
floor. Tour thicknesses of fine mesh 
wire screen were attached to the blower 
outlet in order to reduce the initial 
air velocity and to produce more uni- 
‘orm flow. The desired air velocities 
wound the kata bulb were obtained 
by placing the kata stand at different 
listances from the blower outlet along 
‘ie axis of the stream, and by con- 
‘rolling the blower speed. 

_The practicability of this method is 
‘own in Figure 1, which gives the 

“ocity distribution along and across 
ur stream, as determined by the 
ible pitot tube. It will be seen 
', while the velocity along the air 


+ 
~ y ‘ 
teary) 
i I 


in decreases progressively as the 


+}, 
Lit” : 
iy) 
‘ 


t} 


distance from the blower outlet in- 
creases, the traverse velocity remains 
quite uniform over the cross-sectional 
area occupied by either the kata or the 
anemometer. ‘This, at least, was the 
case so long as we kept 53 feet away 
from the blower. 
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Fic. 1.—Velocity distribution along and 
across alr stream. 


The minimum distance at which 
kata observations were made was 7 
feet from the blower, and this, with 
nearly full blower speed (allowing 
sufficient margin for adjustments), cor- 
responded to our maximum velocity 
of 660 feet per minute. Tor aveloc- 
ity of 440 feet per minute the blower 
speed was reduced to about three- 
quarters of the full speed, and the dis- 
tance from the blower was increased to 
9 feet. For a velocity of 220 feet per 
minute the speed was half the full 
speed, and the distance 12 feet. These 
were also the conditions under which 
the anemometer was calibrated, its 
actual readings being 600, 400, and 
200 feet, respectively. 

The advantage of this method over 
the usual wind tunnel method is that 
it approximates more nearly the con- 
ditions under which the kata-ther- 


mometer is used in practice. It is 
probable that the ordinary wind tun- 


i 
' 
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nels, on account of their limited size, 
may appreciably affect heat exchange 
by radiation and convection between 
kata and environment. 
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temperature and humidity for 4 
room surfaces to reach therma] equie 
librium with the air. The ventilatiy, 
fans were then stopped and all damper 
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DRY BULB TEITPERATURE Il “F 
Fic. 2.—Dry kata cooling and warming powers (+H) in relation to dry 


bulb temperature and air movement. 


Kxperimental Procedure 


Before each set of kata readings was 
made, the air conditioning apparatus 
was run long enough at the desired 


shut tight. 


After the air currents = 


the room had subsided, the des 


air velocity was produced, and in. 


the 


kata observations 


were = lis 
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ince the room is well insulated and 


prac 


‘ically air tight, the air conditions 
changed but little during the period 
of observation. In experiments with 
sir velocities of 220, 440, and 660 feet 

- minute, it was found that turning 


pet 
the ventilating fans on at low speeds 


did not affect the kata readings. The 


number of consecutive kata observa- 
tions for any given air condition varied 
from two to eight, depending on their 
ecreement. The first reading was 
usually discarded; sometimes the 
cocond and third also had to be dis- 
earded. The remaining readings were 
averaged. 

We measured dry and wet bulb tem- 
peratures before and after each set of 
kata observations, by means of a sling 
psychrometer in the first half of the 
study, and by means of an aspirating 
psychrometer in the latter half. In 
addition we recorded, before and after 
each kata reading, the dry and wet 
bulb temperature of the air at kata 
level and 9 inches from the kata, with 
thermometers exposed to approxi- 
mately the same air currents as the 
kata itself, 

Measurements of air velocity were 
likewise made before and after each 
st of kata observations. Whenever 
the second value differed considerably 
irom the intended velocity, the entire 
‘et of readings was discarded. 

The approximate range of dry bulb 
‘uperatures covered with each of the 
riven velocities was 35° to 165°F., 
‘© approximate range of wet bulb 
‘emperatures, 32° to 112°F. At first 
‘he kata readings were taken at defi- 
° relative humidities, viz., 10, 30, 

and 95 per cent. Later it was 


nit 
Ht). 


+ 
())? 


ind that such close eontrol was 
Suner 


A ag 
“uous, and the humidity ranges 


specified in Figures 2 and 4 were 
therefore adopted. Altogether, 2,762 
kata observations were made: 1,387 
with the dry kata, and 1,375 with the 
wet kata. The figures and _ tables 
given in this paper have been con- 
structed from average values. 


DATA AND DISCUSSION OF RESULTS 
Dry Kata 


Cooling and Warming Power in Re- 
lation to Dry Bulb Temperature and 
Air Movement.—In Figure 2, the dry 
kata cooling and warming powers (+H 
in millicalories per second per square 
centimeter of kata bulb) are plotted 
against dry bulb temperatures for 
constant air velocities. The curves 
were drawn empirically through the 
averages of the observed values. They 
do not cross the temperature axis at 
97.7°F. (386.5°C.), which in all for- 
mulas is taken as the mean cooling 
temperature of the kata, but they all 
converge close to 97°F. This tem- 
perature was established quite accu- 
rately from plots on scales larger than 
those of Figure 2. It also agrees very 
well with mathematical computations 
of the mean kata temperature in air 
at 94°F. 

In contrast to assumptions by Hill 
(2, pp. 17 and 24; 4, p. 399) and Weiss 
(5, p. 11), the relationship in Figure 2 
is not linear, for the plots exhibit well- 
defined curvatures of varying degrees, 
depending on the temperature and the 
velocity of the air. The temperature 
effect, which is most noticeable in the 
still air curve, has already been identi- 
fied by Angus (6, p. 25) and Vernon 
(7, pp. 20-22), who attribute it, in 
whole or in part, to the natural con- 
vection currents of air which are set 


| 
| 
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up by the kata itself. These workers 
believe that on account of these con- 
vection currents the kata factor varies 
with the temperature. In our opin- 
ion, the kata factor cannot vary; it is 
the coefficient of heat transmission— 
heat transmission per unit of time, per 
degree of difference in temperature be- 
tween the mean kata temperature and 
air—which varies. For still air, this 
coefficient was fixed by Griffith (6, 
p. 21) at 0.27 in his empirical formula 


Fk 


H = — = 0.270 


ry. 


and was assumed to remain constant 
regardless of temperature. According 
to our still air curve (Tig. 2) the coeffi- 
cient varies from about 0.32 at 35°F. to 
0.21 at 90°F., reaching Griffith’s value 
of 0.27 at 68°F. The order of varia- 
tion is reversed for temperatures ex- 
ceeding LOOPE. 

Air movement at right angles to 
the kata bulb tends to diminish the in- 
fluence of the natural convection cur- 
rents by blowing them aside. Prob- 
ably for this reason the extremities of 
the graphs in Figure 2 tend to straighten 
out as the velocity increases. An 
approximate estimate of the air veloc- 
ity at which the influence of these 
convection currents ceases was secured 
by noting the velocity required to blow 
off in a horizontal direction the visible 
supersaturated water vapor rising from 
the bulb of the wet kata in low air 
temperatures. In air at 35°F., the 
velocity required to do this was about 


160 feet per minute. In higher tem- 


1H = eooling power; Ff = kata factor 
millicalories of heat lost by kata in cool- 


ing from 100° to 95° F.; ‘T’ = cooling time in 
seconds; @ = (36.5—t) = temperature differ- 


ence between mean kata temperature and 
air temperature in °C, 


peratures the little clouds of was. 
vapor became less and less visible 
and the course of the currents oul 
not be ascertained. 

In addition to the influence of 41 
natural convection currents, yaria. 
tions in air density due to temperatyy 
seem to affect appreciably the eoolin, 
and the warming power of the bate: 
In Figure 2 this is indicated by the 
fact that the curves are not symmetri- 
cal to the temperature axis, and tha: 
for any given value of 6 the warming 
power is always lower than the eool- 
ing power. It is evident, therefore. 
that the factor of air density is y- 
sponsible in whole or in part for the 
concave curvature of the high velocity 
plots. This density effect varies with 
6 and with the air velocity. As an 
average for our entire range of @ values, 
the warming power is about 4 per 
cent. lower than the cooling power in 
still air, and 7.5 per cent. lower in air 
moving with a velocity of 660 feet per 
minute. 

Influence of Convection Currents an! 
Air Density upon Kata Formulas. 
The kata formulas established by Hill 
(4, pp. 395 and 397), the inventor o! 
the instrument, and Weiss (5, p. 1’), 
for computing air velocity from the 
cooling powers of the kata, have been 


based on the assumption that for any 


H 
given velocity the ratio of , is & con- 


iv? 


stant quantity. But Vernon (/, PP. 
22 and 23) has already shown that 
this ratio is appreciably lower in al! 
at 75°F. than in air at 50°F. | 
Our data confirm Vernon’s cial! 
over a much wider range of tempeh 
ture. This is shown in Figure 3 wher 
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values of 


for three different telli- 
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spratures, as computed from Figure 2, 
fe plotted against the square root of 
velocity. It will be seen that for ve- 
sties exceeding 150 feet per m‘nute 
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hic. 3. Influence of temperature on the 
relationship between : and air velocity. 
iH 
the ratio of — decreases progressively 
é 
as the temperature increases. We as- 
cribe this variation to the decrease in 
the density of the air; whereas Vernon 
suggests in his experiments that vary- 
ing humidity is the chief cause. Tig- 
ure 38 also shows that for very low air 


H 


velocities the values at 35° and 


‘OKO’ I’. are considerably higher than 
those at 90°, probably on account of 


‘he natural convection currents al- 
ready discussed. The small differ- 


ence in the 9 values at 35° and 160°F. 


's, apparently, purely a density effect 
‘ince, 6 being the same in both tem- 
peratures, the magnitude of the con- 
vection currents must be approxi- 
mately the same. The currents differ, 
“oWever, In direetion—they rise in air 
too I’. and fallin air at 160°F. 

This varying influence of convection 
currents led Hill (4, p. 397) to con- 
“ude that neither his recent equation 


r j 9 . ° ° 
' Weiss’ equation is applicable to 
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low air velocities, because any straight 


line relationship between 9 and square 


it 


root of velocity which would hold for 


TABLE 1.--INFLUENCE OF HIGH DEW 
POINT TEMPERATURES UPON 





DRY KATAWARMING POWERS 





TEMPERATURE "WARMING POWER 
AIR | Average 
VELOC- if Ww 
aout Dry Dew Ob- ne . 
Bulb Point | served . 
relow 
Q5° lh, 
ft./min.| °F. "F'> 
Q 107.5 106.8 4.2 1.3 
QO 158.9 965 13.2 10 7 
20 107 .0 105 2 BOO ee: 
20 120.2 QQ Y 5.0 4.0 
220 106.0 106.0 [2.7 3.0 
220 163.4 96.7 24 9 22.1 
440 107 .0 107 .0 14.9 4 6 
440 159.0 107.5 33.2 ON | 
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high air velocities would give too low 
values for velocities near 0 (see Tig. 3). 

If the density factor is also to be 
taken into consideration, it would 
probably be a difficult task to derive 
kata equations which would not be 
too cumbersome for practical use. 

Influence of Humidity, Dew Pornt, 
and Barometric Pressure.—A_ scrutiny 
of the deviations of the observed values 
of +H in various humidities from the 
general trend in [Figure 2 failed to 
disclose any definite humidity effect. 
This is entirely in accordance with 
previous experiences of Angus (%, p. 
195) and Hill (4, p. 399). 

Figure 2 does not include observa- 
tions of warming powers in dew point 


temperatures exceeding 95°I*., because 


| 
' 
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we found that the dry kata cannot be 
used under these conditions, on ac- 


ably this is because, in addition to 4 


le 
sensible heat which it absorbs in w 


arm. 


































































































































































































count of the condensation of moisture ing from 95° to 100°F., the kata has to 
on the kata bulb. Warming powers absorb the latent heat of the vapor 
fr 
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ture and air movement. 


determined in such high dew points 
were considerably higher than those 
observed at the same dry bulb tem- 
perature and air velocity, with dew 
points below 95°F. (Table 1). Prob- 


104050 60 70 8 ~~ 30 0/0 
WET BULB TEMPERATURE IN F 


I'1G. 4.—Wet kata cooling and warming powers (+H’) in relation to wet bulb tempera 














condensing on the bulb. In dry a! 
with dew points between 95° and 
100°F., part of the condensed vapo! 
reevaporates as the kata warms Ir 
95° to 100°, and the effect of con- 
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uysation is counterbalanced to some 
ostent (see Table 1). This limitation 
yf the kata does not, however, detract 
‘om its practical usefulness, because 


ure 4 are those taken either by the 
sling or by the aspirating psychrom- 
eter. Readings taken by the wet 
bulb thermometer near the kata gave 


TABLE 9 —INFLUENCE OF HUMIDITY AND DRY BULB TEMPERATURE ON 
. WET KATA READINGS 
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RELATIVE 


AVERAGE DEVIATION OF OBSERVED VALUES 
OF +H’ FROM GENERAL TREND (ria. 4), 
AT AIR VELOCITIES OF 





























HUMIDITY 

0-20 40-100 220-660 

Wet Bulb | Dry Bulb | y+ /Min. Ft./Min. Ft./Min. 

ners at. ea °F. per cent. per cent. per cent. 
_ J below 65 below 100 —0.4 —1.0 —0.2 
co 65-95 100-160 —16.4 —4.9 —0.5 
| below 65 below 70 +3.8 +0.8 +0.1 
76-100 {| 65-95 70-100 +2.8 +3.2 —0.7 
‘| 100-110 100-115 —3.9 +10.1 +4.2 





sich high dew points seldom occur in 
practice. 

Changes in barometric pressure from 
28.8 to 30.7 inches of mereury (732 
to 780 mm. Hg), which were recorded 
in the course of our experiments, do 
not seem to affect the dry kata- 
thermometer measurably. For equally 
small pressure changes, computations 
by Hargood-Ash and Hill (2, p. 48) also 
show the effect to be negligible. 


Wet Kata 


Cooling and Warming Power in Re- 
lation to Wet Bulb Temperature and 
Air Movement.—Figure 4 confirms 
Hill’s reeent data (4, p. 402) by show- 
‘ng that, for any given air movement, 
‘1 relationship between cooling power 
on the wet kata (++H’) and wet bulb 
temperature is not linear, as originally 
‘sumed in the equations of Hargood- 
‘Ash and Hill (2, p. 33). 

‘he wet bulb temperatures in lig- 


less satisfactory results. As in the 
case of the dry kata (Tig. 2), the wet 
kata curves in Figure 4 do not cross 
the wet bulb temperature axis at 
97.7°F.; they converge at a tempera- 
ture near or slightly below 97°F. 
Influence of Humidity and Dry Bulb 
Temperature—The curves in Figure 4 
were drawn empirically through the 
averages of the observed values of 
+H’, so as to represent the general 
trend regardless of relative humidity. 
It can be seen, however, that the trend 
of the low humidity points lies some- 
what below the curves, and the trend 
of the high humidities slightly above. 
This is shown more clearly in Table 2, 
which gives the average percentage 
deviations of the observed values of 
+H’ from the corresponding values on 
the curves, for our minimum and maxi- 
mum humidity ranges. Small de- 
viations are to be seen (Table 2) as 
long as the dry bulb temperature re- 
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mains below 100°F. When the tem- 
perature exceeds 100°F., however, the 
deviations appear to increase with 
temperature and decrease with air 
movement. 

There are two pairs of influences at 
work which may explain these varia- 
tions: (a) higher conductivity and 
specific heat of moist air as compared 
with dry air, and (b) reversed radia- 
tion and conduction effects on the wet 
kata in dry bulb temperatures exceed- 
ing 100°F. 

The first two factors may explain the 
small negative deviations in dry air as 
contrasted with the positive devia- 
tions in moist air. The second two 
would probably account for the sig- 
nificant reduction in the cooling power 
in still and dry air at temperatures 
between 100° and 160°F., since under 
these conditions the heat gained by the 
kata through radiation and conduction 
partly offsets the heat lost by evapo- 
ration. Air movement tends to re- 
duce the effects of both radiation and 
conduction (see Table 2) by accelerat- 
ing evaporation from the surface of 
the water film on the kata bulb. 

These tendencies are less noticeable 
in moist than in dry air, because in 
the former case the dry bulb tempera- 
ture for any given wet bulb is much 
lower, and the amount of evaporation, 
or condensation, is too small to be 
appreciably affected by air movement. 

The conelusion to be drawn is that 
both humidity and dry bulb tempera- 
ture affect the wet kata to some extent, 
and that for practical purposes the 
effect is small and well within the ex- 
perimental error. These effeets be- 


‘ame significant only in exceptionally 
hot and dry atmospheres, where the 
cooling power of the wet kata may, 
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according to Table 2, be as much .. 
19 per cent. (= 16.4 + 2.8 per cent 
lower than that in moist air with 4, 
same wet bulb temperature range, 
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Cooling and Warming Power in hv 
lation to Total Heat Content of Air— 
Armspach and Ingels (9, p. 112) were 
the first to show an approximate linear 
relation between cooling power of th 
wet kata and total heat content 0! 
air, for wet bulb temperatures between 
35° and 85°F. and for constant ail 
velocities. Later, this relation was 
confirmed by Weiss (5, p. 26) and Hi! 
(4, p. 404), although Hill (4, p. 20" 
does not consider it entirely satis! 
tory. 

Figure 5 shows the relationship Ob 
tained in the present study over ' 
wider range of wet bulb temperatl! 
In this figure the cooling and warming 
powers (+H’) were taken from thi 
curves of Figure 4, and the total h 
values were obtained from ©00c\™ 
ough’s tables (10, p. 430). 
seen that the lines are not straight 
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aurve upward, probably for the same 
wgsons as those discussed in connec- 
, 7 with Figure 2. 

[) our opinion, a linear relationship 
srween --H’ and total heat of air 
»ot to be expected, because it would 
imply absence of convection currents 

low temperatures and_ velocities 
as well as absence of any possible in- 
‘yence of air density at high tempera- 
‘ures and velocities. As a matter of 
‘set, the presence of convection cur- 
ronts becomes very evident in tempera- 
tures helow 40°F. from the clouds of 
water vapor which rise from the bulb 
of the wet kata. 

Presumably, therefore, the concave 
curvature in Figure 5 would explain 
‘he failure of Hill’s (4, p. 403) assumed 


straight lines to eross the total heat 
axis ata value corresponding to his 
mid-cooling point of 97.7°F. They 
converge, instead, at a value corre- 
sponding to 95°F. 


COMPUTATION OF AIR VELOCITY FROM 
KATA READINGS 


ror reasons already discussed, we 
were unable to derive formulas which 
ld hold, even approximately, over 
‘ie range of air conditions used in 
‘is study. We therefore present the 
inal results in the form of charts from 
Which the air velocity can be computed. 
‘hese charts are applicable to horizon- 
‘lair currents striking the kata bulb 
‘right angles. For any other diree- 
', errors would be introduced, and 
“scending air currents the results 
‘be unreliable, as Vernon (7, p. 


°8) has shown. 


re 


‘andard kata is inaccurate also 
used as an anemometer in air 
“peratures between 85° and 110°F., 
) se temperatures are near 


its cooling range and therefore air 
movement has little effect (see Figs. 2 
and 4). 


Velocity Chart for Dry Kata 


The chart in Vigure 6 was con- 
structed from graphs similar to those 
in Figure 2 drawn on large cross-sec- 
tion sheets. In order to determine 
the velocity, follow the curve corre- 
sponding to the given dry bulb tem- 
perature to the right until it meets 
the given value of +H, and read off 
the velocity vertically on the horizon- 
tal scale. 

Compared with previous  calibra- 
tions, our results, as given in Iigure 
6, are in very close agreement with 
Vernon’s (7, p. 25) for velocities up to 
175 feet per minute, and within the 
temperature range of 50° to 75°F. 
covered by Vernon’s experiments. lor 
velocities exceeding 175 feet per 
minute, the results overlap Vernon’s 
(7, p. 23), Hill’s (4, p. 396), ana 
Weiss’ (5, equation p. 17) to some 
extent. They are somewhat higher 
than Hill’s and Weiss’ for temperatures 
below 50°F. and somewhat lower for 
temperatures between 70° and 90°F, 
for reasons already discussed. lor 
temperatures exceeding 100°. there 
are no previous data to compare with 
our results. 

The chart in Figure 6 cannot be 
used when the dew point temperature 
exceeds 95°F. 


Velocity Chart for Wet Kata 


The wet kata velocity chart in lig- 
ure 7 was constructed from Figure 4, 
and it is to be used in the same manner 
as the dry kata chart. Velocities com- 
puted from wet kata readings are, 
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however, less accurate than those about twenty-five seconds) to be ting, 
computed from the dry kata readings, accurately. In more extreme cond: 
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lia. 6.—Dry kata chart for computing air velocity. 
for several reasons. In the first place, tions, such as 30° to 50°F. wet ?" 
the wet kata, even under ordinary and velocities exceeding 400 icct !’ 
room conditions, cools too fast (in minute, the wet kata cools so 1°! 
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‘oreover, errors may be introduced tween the values obtained by Hill 


ir m the use of different wicks and (4, p. 401) and those of Weiss (5, 
“S0 Irom failure to obtain the true equation p. 25) but they are nearer to 


et | »sychrometrie wet bulb temperature. —_Hill’s than to Weiss’. Except in very 
eet per | {hese errors would, presumably, ex- low temperatures and velocities, Weiss’ 
fast : at least in part the inconsisten- results are the highest of the three. 





>. | 
; 
2 $, 7 
6 ? 
; '? 
. ° 
“ay S 
Ps a i, 


290 
SUMMARY 


The kata-thermometer has been cali- 
brated for air velocities from 0 to 660 
feet per minute, for dry bulb tempera- 
tures from 35° to 165°F., and for wet 
bulb temperatures from 32° to 112°F. 

The dry kata is affected by dry bulb 
temperature and air movement, but 
for any given air velocity its cooling 
or its warming rate is not a straight 
line function of temperature, owing to 
(a) varying influence of natural con- 
vection currents and (6) varying effect 
of air density. Humidity has little or 
no effect on the dry kata so long as 
the dew point remains below 95°F. 
When the dew point exceeds 95°F. 
the dry kata cannot be used as an 
anemometer because water vapor con- 
denses on its bulb. The usual changes 
in barometric pressure have no ap- 
preciable effect on the dry kata. 





THE JOURNAL OF INDUSTRIAL HYGIENE 


The wet kata is chiefly affected },, 
wet bulb temperature and air jyo.,. 
ment. To some extent it is alsy af. 
fected by humidity and dry bulb tem. 
perature, particularly in very hot gy, 
dry atmospheres. The relationshj, 
between wet kata cooling or warming 
power and total heat content of ai, " 
not linear, as heretofore assumed: ay 
equation of a higher order woy|; 
therefore be necessary to express thy 
relation. 

Owing to varying effects of conyee. 
tion currents and air density, it js 
very difficult to derive equations which 
would fit the experimental data ae- 
curately over a fairly wide range oj 
air conditions. 

For practical use, charts are given by 
means of which the air velocity can be 
computed from kata readings for any 
air condition within the experimental 
range. 


BIBLIOGRAPHY 


1. Drinker, P.: Laboratories of Ventila- 
tion and Illumination, Harvard School 
of Publhe Health, Boston. Tuis 
Jour., 1924, 6, 57. 

2. Harcoop-Asn, D., anv Hitt, L.: The 
Kata-Thermometer as a Physical In- 
strument. Med. Res. Couneil, Spe- 
cial Rep. Series No. 78, p.14. London, 
H. M. Stationery Office, 1923. 

3. The Wahlen Gage (Illinois Microman- 
ometer). Reprinted from Bull. No. 
120, Engineering Experiment Station, 
Urbana, Ill., March, 1921. 

4. Hitt, L., ANaus, T. C., AND NEWBOLD, 
I. M.: Further Experimental Obser- 
vations to Determine the Relations 

Kata Cooling Powers and 

Conditions. THis 


between 
Atmospheric 


Jour., 1928, 10, 391. 


5. Weiss, P.: Die hygienischen Grund- 
lagen der Liiftungstechnik mit speziel- 
ler Beriicksichtigung der |\ata- 
Thermometrie zur Bestimmung der 
Entwiirmungsverhiltnisse. Arch. ! 
Hyg., 1926, 96, 1. 

6. ANnaus, T. C.: The Determination 0! 
the Factor of the Kata-Thermometer 
Tuis Jour., 1924, 6, 20. 





7. VERNON, H. M.: The Calibration © 
the Kata-Thermometer. Med. Kes 
Council, Special Rep. Series No. 10", 
p. 19. London, H. M. Stationery 
Office, 1926. 

8. Anaus, T. C.: The Effect of Moistur 


lr a 


upon the Cooling Power of 3! 
Measured by the Dry Bulb |at& 
Thermometer. Jbid., No. 7, 1923, 
p. 195. 








cted hy 
r move. 
also af. 
ulb ten. 
hot and 
tionship 
varming 
Of air js 
ned; ay 

would 
ress the 


convec- 
y, It is 
8 which 
ata ac. 


unge of 


iven by 
can be 
or any 
mental 


Crund- 
speziel- 
KXata- 
ne der 
rch, I 
Hion of 


ymeter 


1on 
| Res 
9. 100, 


li merry 


Sturt 
Ain @ 
ee 


IKata- 


1()')? 
Lim; 


CALIBRATION OF KATA-THERMOMETER 291 


\nuspacu, O. W., AND INGExs, M.: 
‘Temperature, Humidity and Air Mo- 
tion Effects in Ventilation. Tr. Am. 
Soe. Heating and Ventil. Eng., 1922, 
28, 103. 


10. Harpina, L. A., AND Wiuuarp, A. C.: 
Mechanical Equipment of Buildings. 
Vol. 1. Heating and Ventilation. 
New York, John Wiley & Sons, Inc., 
1916. 


BOOK REVIEW 


\y InrropucTION TO_ Bropuysics. By 
~ David Burns, M.A., D.Se., Professor of 

Physiology in the University of Durham; 

taie Grieve Lecturer on Physiological 
Chemistry in the University of Glasgow. 
With a Foreword by Prof. D. Noél 
Paton, M.D., LL.D., F.R.S., ete. Sec- 
ond edition. Cloth. Pp. xix, 580 with 
ilustrations and indexes. New York: 
The \laemillan Co., 1929. 


An explanation of the phenomena 
of life is a goal toward which physiol- 
ogists have long converged and _ it 
goes Without saying that, without the 
ever-increasing light of physics and 
chemistry to illumine their way, their 
progress would have been slow indeed. 
As the application of physics and 
chemistry is extended to physiology 
ii is more and more apparent that a 
great number of the characteristic 
reactions of living matter can be ex- 
plained in terms of ordinary physical 
processes. The extent to which these 
physical and physicochemical laws 
have been applied to the actions of 
ving things is strikingly exemplified 
in David Burns’ “Introduction to 
Biophysies.”’ 

This is a book which not only con- 
enses information of direct interest 
to the physiologist, but is also delight- 
‘lly informative to the general reader. 
ne cannot fail to be interested in the 


| . 
lengt] 


of time mules could live in the 
Hudson tunnel during its construction, 


()°r 


‘in the amount of work done by an 
orator In making a speech— especially 
Wher ] ie ) ‘ rn 310 ’ 

on the latter is a Frenchman and 


¥ } 
“ped ne 


ng ina large reverberating hall. 


In substance the book consists of 
five sections in Part I and covers the 
field of biophysics very adequately. 
Section I, “Wnergeties,”’ includes chap- 
ters on the laws of energy, the storage 
of energy, calorimetry, the animal as 
a machine, the energy of substance in 
solution, and surface energy. Under 
“Cellular Mechanics” in Section II 
discussion is centered in ionization, 
colloids, soaps and emulsions, enzymes, 
membranes, the cell, and radioactivity. 
The eight chapters of Section I//, 
“Cell Communities,’ describe in turn: 
The Army Wherewith the Body Wages 
War with Nature—The Muscle Cells, 
Manufacturing Cells, The Army for 
Home Defence, The Civil Engineers of 
the Body; The Intelligence Service— 
Nerve Cells, Outposts of the Intelli- 
gence Service, (a) General and Intra- 
Communal Receptors; (b) Distance 
Receptor for Sound. The Ear; and 
(c) Distance Receptor for Light. The 
Kye. Section IV relates to ‘’Trans- 
port :” Inland Transport—The Blood, 
The Respiratory Function of the 
Blood, Loading Up, The Circulation, 
The  Eleectrocardiogram; Overseas 
Transport— External Respiration, The 
Voice, Alimentary Canal; and Move- 
ments of the Limbs. Section V com- 
prises a discussion of the animal asa 
whole—the preservation of neutrality, 
the regulation of temperature, tro- 
pisms, adaptation, growth, develop- 








ment, death and dissolution, and the 


efficiency of the organism. 
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A valuable part of the book (Part IT) 
consists of what might be termed a lab- 
oratory manual of biophysics with ex- 
periments illustrating phenomena dis- 
cussed in the preceding sections. The 
experiments are described in detail 
and offer much of interest either for 
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lecture demonstration or for labpps. 
tory study. 

The author deserves the thanks 9 
all who are interested in the mecha. 
nism of living matter for presenting 
such a wealth of material in so agree. 
able a form.—L. T’.. Fairhall. 
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